I. INTRODUCTION
W IDE band-gap semiconducting material, such as silicon carbide (SiC) and diamond, have long been recognized as an attractive alternative to more mature technologies in more intense and rugged environments. However, the development of these technologies has been hindered by significant materials problems that restrict the quality and size of detector grade materials. Further, unlike silicon, these wide band-gap materials have not found as broad of applicability, further limiting progress in the development of these materials.
Over the past decade, SiC has developed significantly in the areas of high power electronics and light-emitting diodes, making high-quality silicon carbide material increasingly available for R&D and other commercial applications.
Therefore, other SiC products, such as ultraviolet photodiodes, are becoming available commercially. The purpose of this study is to evaluate commercially available SiC photodiodes for use as a low-energy x-ray spectrometer. the National Synchrotron Light Source (NSLS) at Brookhaven National Laboratory (BNL). Additionally, these diodes have been evaluated using a soft x-ray plasma source at Los Alamos National Laboratory (LANL), a radioactive alpha particle source, and by bench-top electronic characterization (C-V, I-V).
II. SIC UV PHOTODIODES
Several epitaxial chips of various size and construction (summarized in Table 1) and SG01XL). The JlX1.7 is a prototype diode from IFW that has since become available as a catalogue item called JEC 1.6.
All diodes share the same basic structure: a thin (roughly 5 -10 micron epitaxial SiC layer grown on top a thicker SiC substrate on the order of 100' s of microns thick. The substrate is more heavily doped to provide a conductive, planar contact on the back side of the epitaxial layer, and a thin «100 nm thick) highly doped epitaxial layer is grown on the front surface of the epitaxial layer to provide a planar front-side contact. To quantifY the structure of the diode in terms of active volume thickness and dead layer thickness and composition, a physical model is applied. The active volume is assumed to be planar, given the known geometry of the front and back contacts. In this case, the responsivity R as a function of photon energy E should be given by the following:
III. RESPONSIVITY MEASUREMENTS
where T represents the transmission through the dead layer, oxidation layer, and active volume and x represents the thickness of each volume.
The transmission T through each material as a function of layer thickness x and incident photon energy E is calculated as follows:
where JJ is the mass attenuation coefficient and p is the mass density. To model the structure of these diodes, the chip is assumed to consist of a layer of silicon oxide (Si0 2 ; denoted oxide above) and a layer of passive SiC (denoted dead) followed by the active volume of SiC (denoted active). Responsivity data were collected for all diodes listed in Table 1 The C-V curve for several diode samples is shown in Fig. 4 .
Rough details about the structure of the photodiode, such as the depletion depth, can be extracted from C-V data.
Assuming a planar geometry for the depletion region and a constant doping concentration, the capacitance C should be inverse proportional to the depletion depth d, and the square of the capacitance should be inversely proportional to the bias voltage Vbias:
where A is the cross sectional area of the active volume, e is the permittivity, and ndo p is the dopant concentration. These relations are illustrated in Fig. 5 . To calculate depletion depth, 487 the active area of the chip is taken from the manufacturer data sheet and the permittivity of SiC is assumed to be 9.72 [I] . Measurements were performed in a vacuum chamber to limit energy loss between the radioactive source and the sensor. The source was constructed by deposition of thorium on a metal foil, limiting energy loss within the source. The signal from the SiC sensor was processed through a pre amplification stage using an eV Products 550 pre-amp followed by a Tennelec TC 243 spectroscopy amplifier. The amplified signal was then digitized using an Amptek pocket MCA. The system was calibrated using a silicon PIN detector exposed to a l33 Ba gamma ray emitting radioactive source and assuming a linear response. The average energy required to produce a charge carrier pair in silicon is 3.62 eV [3] while for
SiC the pair energy is 7.78 eV [4] . The calibration is scaled by the ratio of these energies to yield a calibration for the SiC diodes.
Data were collected using a JEC4, JIX1.7, and SG01XL
sensor at various bias voltages. A similar analysis is performed for a series of sensors and bias voltages with the results summarized in Table II . The JIX 1.7 sensors appear to have the best charge collection performance while the JEC4 sensors are slightly worse but still acceptable. Charge collection in the SGLUX sensors is somewhat poor. 
VI. SOFT X-RAY PLASMA SOURCE MEASUREMENTS
Sensors were tested using a laser-induced soft x-ray source.
This source produces a low-energy pulsed thermal x-ray spectrum by heating a stainless steel target with a pulsed high SiC UV photodiodes offer an inexpensive building block for a soft x-ray spectrometer. However, these devices are not intended for this application and include several shortcomings, including small active areas, thin active volumes, and relatively low breakdown voltages. R&D efforts are ongoing, including development of thicker and larger-area custom diodes for soft x-ray measurements.
